Onyx reflux into the parent artery is a rare and sometimes significant complication in the treatment of cerebral arteriovenous malformations (AVMs). We report a patient who presented with Onyx reflux into the M1 segment of the middle cerebral artery (MCA) during embolization of a right temporal AVM. The refluxed Onyx cast was successfully removed by a mechanical thrombectomy device using a self-expandable and fully retrievable Solitaire AB stent.
Background
Endovascular embolization is an important modality in the treatment of cerebral arteriovenous malformations (AVMs) and dural arteriovenous fistulas (DAVFs). Ethylene vinyl alcohol copolymer (EVOH: Onyx; ev3-Covidien, Irvine, CA, USA) is a non-adhesive polymer that is confirmed for use as an embolic agent for brain AVMs and DAVFs. One of the limiting factors for Onyx embolization is the risk of reflux into parent vessels. This can sometimes cause fatal complications. 1 The refluxed Onyx in the vessel may be successfully removed from the parent artery by a mechanical thrombectomy using intracranial stents. To the best of our knowledge, there are only a few case reports of mechanical thrombectomy. [2] [3] [4] Here, we report a patient with an Onyx cast refluxed into the middle cerebral artery (MCA) who was successfully treated by a mechanical thrombectomy using a self-expandable and fully retrievable Solitaire AB stent (Covidien, Irvine, CA, USA).
Case report
A 47-year-old woman with right temporo-occipital lobe AVM had first-session embolization 3 months ago. The patient was referred to the emergency department because of severe headache and poor clinical condition. Computed tomography scan showed right temporal intraparenchymal and subdural hematoma following AVM bleeding. After consultation with neurosurgery, we made the decision to proceed with embolization followed by resection and evacuation of the hematoma. Diagnostic cerebral angiography (DSA) displayed a residual AVM feeding by the right MCA, anterior temporal artery, right posterior cerebral artery, right internal maxillary artery and draining into the superior sagittal sinus, straight sinus (Spetzler Martin grade V). We decided to embolize the residual AVM nidus with Onyx. During the embolization a small amount of Onyx refluxed into the M1 segment of the right MCA. A control angiogram showed subtotal obliteration of the MCA (Figure 1(a) ). We worried that the MCA could be totally occluded because of the Onyx reflux and/or thrombosis could be induced by the Onyx. Therefore, we aimed to extract the Onyx cast from the parent vessel by using a 4 Â 20 mm Solitaire AB stent. Under roadmap and fluoroscopic guidance, the Solitaire AB stent was deployed within the partially occluded segment (Figure 1(b) ). After waiting 3 minutes, with continuous aspiration with a 50 ml syringe through the guiding catheter (Navien; Covidien ,Irvine, CA, USA), the fully opened Solitaire AB stent and the microcatheter were together pulled back into the guiding catheter. The guiding catheter with Solitaire AB stent was taken out and the stent
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Angiography confirmed the absence of Onyx in the MCA with moderate diffuse vasospasm due to stent manipulation (Figure 2(a) ). In the treatment of the vasospasm intra-arterial nimodipine was first injected, but the vasospasm was not completely resolved and a focal vessel narrowing was continued ( Figure 2(b) ). An angioplasty with a Hyperform 4 Â 7 mm balloon (Covidien, Irvine, CA, USA) was performed ( Figure 2(c) ). After intra-arterial nimodipine administration and balloon angioplasty, control DSA study showed recanalization of the vessels with normal calibration of the MCA M1 segment (Figure 2(d) ). Post-embolization control MR showed no new ischemia or hemorrhage. During the procedure systemic anticoagulation with 2500 U heparin was administered as a bolus dose and continued with 800 IU per hour for 1 day. Physical and neurological examination showed no additional deficit.
Discussion
Three different treatment options for cerebral AVMs are microsurgical resection, radiosurgery and endovascular embolization. Although cure of AVM is difficult to achieve with endovascular treatment, it has acted an adjunctive role to help microsurgical resection or radiosurgical treatment. If a high-grade AVM is not considered safe for any type of curative treatment, embolization may serve as a way to decrease rupture risk. 1 The management choice varies from center to center depending on practice patterns. In our case, brain AVM was classified as the Spetzler Martin grade V. After consultation with neurosurgery, before the surgical operation for the residue nidus and hematoma, endovascular treatment was performed to diminish the risk of recurrent hemorrhage by decreasing the lesion volume and flow within the nidus.
Onyx embolization is an effective treatment in the management of brain AVMs. It provides higher rates of cure with low rates of morbidity and mortality. 1 Although Onyx has low rates of morbidity, the procedure has some complications. The complications are technical ones, such as feeding vessel dissection, feeder/nidus perforation, complications due to microcatheter rupture or retained microcatheter; ischemic complications such as Onyx reflux; hemorrhagic complications; and complications due to hemodynamic changes including bleeding, edema and some of the seizures induced by the treatment. 1 The majority of complications may not result in any clinical consequence. However, they may also result in transient or permanent severe clinical symptoms, 1 so the radiologist should be aware of these complications, and needs to react quickly to prevent fatal consequences. 4 There are many causes for Onyx reflux into the parent arteries. Onyx is non-adhesive agent, does not glue the artery, and therefore it can be refluxed. Sometimes the microcatheter may be trapped within the nidus or feeding vessel because of long duration of the Onyx injection. 1 In our case, the reason for reflux was that the feeding vessel was short and too close to the MCA.
In our case Onyx reflux into the MCA caused partial occlusion. If we left it untreated the patient would have had a serious ischemia in the right MCA territory. Onyx cannot be dissolved with thrombolytic agents, therefore we decided to extract the refluxed Onyx piece from the parent artery using a Solitaire AB stent, which has been widely used in stroke patients in recent years. 5 Our rationale for deciding to use a Solitaire stent to remove the Onyx cast from the vessel was that we believed the cohesive rather than adhesive properties of Onyx would make retrieval more favorable.
In our literature review, we have found only a few cases of Onyx reflux into the patent artery treated by stent retrievers. In two of the previously reported patients, the Onyx reflux occurred within the posterior circulation and a Merci device was used for mechanic thrombectomy. 3, 4 To the best of our knowledge, there is only one case report where a Solitaire AB stent was used, for retrieving an Onyx reflux in the basilar artery. 2 In our case, the partial occlusion occurred in the M1 segment of the MCA, and a self-expandable and fully retrievable Solitaire AB stent was used as a retriever device.
There is only one case report where the physicians used the Solitaire FR stent to retrieve the glue cast from the straight sinus via the jugular vein. 6 Fahed et al. were able to retrieve most of the glue cast from the vein using a stent retriever following two passages. 6 In contrast to Onyx, which is a non-adhesive substance, glue has adhesive properties. 1 Therefore, physicians should be very careful when using stent retrievers for removing a migrated glue cast from an artery or vein. In addition, physicians should be aware that veins are known to have more fragile walls than arteries. 6 Mechanical thrombectomy has complications including emboli to new vascular territories, vessel dissection, vasospasm of the access vessel, stent dislocation, and stent occlusion. 7 In our patient, vasospasm occurred in the MCA because of mechanical thrombectomy with the Solitaire AB stent. Mechanical thrombectomy-induced vasospasm can be effectively solved by intra-arterial injection of vasodilation drugs. In our case, we used nimodipine to treat the arterial vasospasm in the M1 segment. Since the nimodipine administration was not completely successful, balloon angioplasty was used to treat the vasospasm.
In conclusion, Onyx reflux into the parent artery is a rare and sometimes fatal complication during endovascular treatment. We have reported a case where Onyx reflux within the MCA was successfully removed using a Solitaire AB stent. In addition, the vasospasm induced by mechanical Onyx cast retrieval was treated by balloon angioplasty.
Learning points
Onyx reflux to the parent artery is an important complication of AVM treatment. Mechanical thrombectomy with a Solitaire AB stent was successfully used to retrieve the refluxed Onyx piece from the parent artery. To the best of our knowledge, there are only a few reported cases where the Solitaire AB stent was used for retrieving an Onyx piece from cerebral vessels.
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